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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium ion conductive solid electrolyte which displays superior 
electrochemical characteristics such as high ion conductivity, low electron conductivity, and the like. 
SOLUTION: Lithium hydroxide and gas-like sulfur source are allowed to react at 130° C or more and less 
than 445° C so as to be used as lithium sulfide for obtaining solid electrolyte after reacting with silicon 
sulfide. As the gas-like sulfur source, hydrogen sulfide, or sulfur vapor containing hydrogen. As the silicon 
sulfide for obtaining the solid electrolyte after reacting with the lithium sulfide, silicon powder is added to 
fused sulfur, and is stirred so as to be dispersed in the sulfur, and the silicon powder-dispersed sulfur is 
heated in a pressure-reduced reaction vessel so as to be synthesized and used. The mixing rate of the 
silicon and the sulfur is set to 1:2.2 to 1:3.6 in mole ratio, and a heating temperature in the reaction vessel 
is set to 400° C or more and less than 800° C. 
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ycrx&zmimA * fc« 5 less© y a -r * 
tt@{*m^^©^j&^^. 
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[^©g-T'S^fi^lf] 41»yf)Al 

^©SSiit^tcMf * fc©t?* 6. 
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[«£*©8tfl5] i5¥. /<- V* Jl/3 :/ K » - d^flB&fi 
IS^©*:-^7'^S©^K:ife)5:t\ -&©l®il/ 
•c^rfe©^«#S«:^#^*>©<!:^o-cc^ 0 

M%li, y *f A#s>h$ ScM^-S'&Jf -fc^ -f 
^•>^bx*^*'-*i^:#^WC*>2.ci3!r>6 t itix* 

(cp^:*^f*Dn-c^S„ — c*ae.©ffliSicffl(,^*a 

m*MVki,mm&zm&>z>tc&. ztcm*z>m> mm 
fac'ft^tc y 9+> A^rfetc^L-r -^©x^^+'-s 

g*5ffi<, Setc^jSSiLrpJ^tt©*^^®?:^^^ 

20 -r-2>^©sti*i*&„ ^(otcib. m&.<D&±&$:m&-f 

ffll >/c£@ffc y ^ -5 AStte©g§^il £ fix V -S . 
[0 00 3] C©<fc-5&®t&K:ffll,>6ftS@<**8Sff <!: 
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g^®^, $>sc^jcn6©^^<b**^e>n-c(,s 

n5S*i*o . ||ffim^feK:««^^<^fIt;ffi$n'ct,^J:^,>© 

*^tt-C*2>o cnCCjFtL/r^ Li f S-SiS,, Li 
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1 0-"~l 0- 3 S/cm©iS 
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SiS,*. P,S,. B, S ^Ib^X ffi£.<DTK 
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•n>s\mm^\ zvmrn. coster <j:»me>ft 
&. ±ie©J5it.sa# 1 3 o'c^'om^m-siat, ±te 

©J5)£>#®i£>-Cil< . S^^S^cffCTk^t'J^^A*! 

»n?i,*>-n». i 3 o-ctofi^sjcss-c 

£k a. attmsstf t£K*8Mb y f^A^M^ iit 

tittf b^sie^s cttKztcib, mw^mmomm 
nf£*mm>. sfc^^cc, c©j^fc@#^»?st£ 
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*«Jl?fU«c< -?•©*£*. l5]«&CKEc>£(K1W&t 
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*tt#xt^3ti8i£!&Ki&*3tt£#. zKBMby^A 
©&gai/h;*-r *8Kby^A*M<K:iSS 
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[00 16] XK, $r-f*i««*Kt6Si*TlKt*<f 
SCC ISO ^-r^*?r$>6^D«t>^5S 
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m<Dm&&mtmt£ £• ©zi a* <• c t **-c * . ?# e. n 
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nc4>©i-r-sci*s-c#<E». eto-c. 4>&< ites^by 

*>{£^ttH{*mg?W^fiX-r^/cfe©ip{E^b^^^<t 0 
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Mick <0 . @f*m»M«:mT-(E^[tt*^ p 
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JSt&j^tfi-C-y-fSR^^U. Slt>7!»^^^*&*©^ffitc 
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(E^14@*^KiL-T. 0. 01Li,PO,-0. 6 
3Li,S-0. 3 6 S i S.-C^Sn-S^ + ^SlEib^^' 

©»«B=&^€>. ST. Tia©^ra-cis<by ^•?AJ&^ 
fiKl/fc. Agl5mm, 6?2 0 0mmOSS*7Xf 
cf^gptc. ilSO. 5mm©^S*Wfc^f>l/X 
9WO^?L«*8l'3f i tWfe. C©#5Xl : ©iiij!2£-?L« 
±*©S£SbSI&)lW:. iKt^-S^O. 7mm~l. 2 ram 
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2 5 0-ctcjnffeb. *K^by ^^a— *Je 
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[0 02 0 ] «Jt»W Jt«<&fc*tt:t£*J: 

L i - 1 : iKHU^^A&BaitrB^U r;u=f>»« 
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L i -2 : ffl l J^')Ai^#>^77^tI^l, 
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"*1 1 5°CCC»0^L/c o 
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ri 5 otefrsmi&Ltc. 

S i - 2 : 4r-f«tW»*E3W*«:WE«AU. 1 2 
0 0 *CT 1 5 0 B$H!ftM&Lft: 0 

[002 n ieoJ^fci/rwfcWby*-?*, Wfc 
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*WB«4^JS0fc. 8Mb 'J* 1 } A, «Mfr*--fX> fccfctf. 
';>gVf^A«:^H;b*C6 3 : 36 : 1 ©tW^CIM 

*c«U TJl/3>^X«SS4 3 'C 1 0 0 6 # Cr2B$HjSBi 

SI 0mm, JIS3mm(D^U7 h<h U C0^U-;h 

20 s. L i */L i ) *r»5iatt5my/s e ctlft 

cc, 8 v $ rmtiHW I i/fci««:»tifcBMfc««fi** 2 
(c-tn^n^-r. c*i6<Dis*rt>6. >r^>e^s«c^ 

r*lG>H(*«8M*> 1 x 1 0" 3 S/cm«±©tt*jSU 

Sfcfb U A, SSib^r ^Xfc^/cfcOCCtb^-C*:* a 
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(x 1 O^S/crn) 






Li-1 


Li-2 


Li-3 


Li-4 


flE*b*"f* 




1.8 


1.3 


1.3 


1.5 


1.2 


Si-l 


1.4 


1. 1 


1.2 


1.3 
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Si-2 


1.5 


1.1 


1.3 


1.0 


1.1 
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®<b*i*<I 

(jU A) 


&Kfb 'J?">A 




Li-1 


Li-2 


Li-3 


Li-4 






0. 24 


0. 61 


0. 79 


0.42 


0. 57 


Si-l 


0. 86 


1.52 


2. 09 


0. 94 


1. 22 


Si-2 


0. 55- 


1.31 


1.52 


0. 72 


1. 63 
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**A-f*>e*ttH{«W»<fcOT % 0. 0 1Li 3 
PO 4 -0. 63Li 2 S-0. 3 6 S i S 2 rSli*ft& 

Ofc. fc/cU 5S{bU^^A^^T^/c^CD^X^ 

Sl5mm, fi3 2 0 0mm©«K#7Xe**8WC* 
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ecj:«5, swb 
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6*lfc-f*>fc*K**3CC, 8 V*r*fiH»3ILfcB8 
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6*. -f*>€5»K«t^ti©H*«BK*> 1 x l 0" 3 S 

^U/c^bU^^A^^lU^b^^^^fflC^ctCD 

ftil*ttHtWSW©Wb»WStt^^0-CC»4 Ci^: 
*SO«H»«IBKOlB<b»«JSl£* s ^Dtc<(,^ ffift 

fcrawbWtt^-r y ^-5 a -r *>fiaH4H*«»*t 

[0 02 7] 
[«3] 



(x 1 a-3 s/cm) 






Li-2 






1.5 


1.3 


Si-2 


1. 1 


1. 1 



A) 


IftU f">A 




Li-2 






0.21 


0. 61 


Si-2 


0. 56 


1.21 



[0 02 9] €St*t«3> 3WBft«(C*5l,»r«. SaSS 
<fcy*$A4BMbW**St^«©<t^J:9£fiR3 
*i*y^->A-f*>e*ttlM«WBKiU-C. 0. 6 0 

Li,s-o. 4 o s i Sj-es^nses-fb^tf^*^ 

flEU *©«aflS9S*H3:*Wti]liLfc. fcTF«C^©l¥*ffl* 

(Li-2). mittr <<m ( S i - 2 ) «T© 
it') fflt.tr. -4 tt^frtfrCB 0 : 4 0©fd-£T 

fcaswu rjw=f>^a«t>r i o oo-c-c2B$rai§ 

[0030] CCDct^iC l/Tf»fcH{*WSR©«Mfc* 

i$tt*fMii*rsfc«>. ssssm iR«o^^>e«s© 
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L.?ci^ic?)fenfc^{bmdfefii ; S:^6ic-?-n-en7^-r. cn 

iifciWb y *f A&& i>»tMb4- *4JBi>fcfc©tt. 
^B^tci-SSS-fby ^A. SHb-!r-f3!t4fflt>;te4>©K: 

tbfc^«aHMb«*ia*n%ur*j»). m^r-ewtt** 

Ufc. J£Lt© ##S^te<fc£<!:SiN3Stt*& 
C>«HflrttJB»©Wb^»SlC*»ftOtc< «,». gnte^ 
aMfcW#tt4ijV*- 'J * ■> A -Y * >£3*t£B tt*JKK#W 

[003 1 ] 
[3*5] 



40 



(xl0" 3 S/cm) 






Li-2 






0. 68 


0. 52 


Si-2 


0. 48 


0. 44 



[0 02 8] 
[St4] 



[003 2] 
[*6] 



(7) 



11 



(d A) 


Wfc'J ^*A 




Li-2 






0. 20 


0. 54 


Si-2 


0. 77 


1.01 



8 3 1 5 6 

12 





K<b»; *-*a 




Li-2 




mam 


0.22 


; 0.69 


Si-2 


0. 83 


1.12 



[0033] <mj&W4) ^mmmtcte^xte. &mm. 
ftzv?y&4*>mm&m#nmntisx, o. 05 

Li 2 O-0. 60Li,S~0. 35S i S 2 ti$n 
ffi0/c o J£lTCC*(7>»ffl*^i. SMbU^fA, 8Mb 
mvWtmtVf-yj* (Li-2). «Wb*-f JR (S i 

-2) ar^^ffit «; ^ «> a >f ^- >eittitt 

^by^^Ai^iHt-ceo : 3 5 : 5 (Dfa^rwffifi^ 
u ^r#*SU£*t 1 0 0 o-cr2«piH*«(ufc. c 

[0034] C <D «fc 9 *C 1/ r f#/ci(*I)SI©i^ b^ 

6*6, *>«IKttt*m<OB<*«IWl*> 1x10 
/c4><Dte, #«WK<fc*WKby 7"}A, mt*r-<m*m 
Ci?rStUcc 6l±OCi*>6, K <fc 4 <!: 

[0 0 3 5 ] 



10 



[0 03 7] <j|«l«5> «B»«iC*lC*rtt. 
<b i ; *9 a £«Hb* ^**^a»©<k^ft J: 0 £f&£ 

tizvrv&jf^GMvmftmmmtLx. o. 6 0 

Li,S-O v 35Si S,-0. OSB.Sjt^h^ 
SMb«#5**^SiU ^omttfb^^^fFffiL/co 
«Ttc*©»lffl*iS^4. SMbU*2A, «Mb*-4*<fc 

BSftb U^-^A (Li - 2) , «Wb*-fSR (Si-2)* 
mi\ feiTO^ffit?U^«5A^*>e3»ttH(t«»K«: 
^0/c o ttfby^A<fcf«b*--fSft> Sfrfb*^*** 
;l/JtT6 0:3 5: 5 <D§(]^r#Sil^L/Co fcJSbtt 

^f*^SEMfl, 1 0 0 0 °Cr 2 B#BBi8BiLfc. * 
20 E3t«***6CAnS»f SCi-C. y^«5A>f 

[003 8] CCDcfc 9CCL/"Cf#fcH(*W»KO«^b^ 

ufc»«c«hyfcBKb«f^*«i o*c*h**i*r. c 

n/cW^bU^^A*4C»«aEjb^r-f*«:fflt^cfcO«, 
*»?8«:J:*Wby *«5A, Itft^-f*tffli»k40«c 
Jt^r^:*«cMjb»8feffl*?RUT*j»3, «*G»tt*S 
c^«Hf*«j»»©K^b»»^^i;ri>sci*^ia 

c^ttilt*«»ft©»<b^j»si6*5*i;«:<i^ ®n/cm 
SMbw#tt*s*-r y ? -> a -f * >£«ttH#«8?s?#f# 

6n*C /to 
[0039] 
[«9] 



30 



[*7] 
















40 


( x 1 0 


~ 3 S/ c m) 




Li-2 


(x l 0 


~ 3 S / c m) 




Li-2 








0. 55 


0. 49 






1.3 


1. 1 






Si-2 


0.52 


0. 48 




Si-2 


1.1 


0.97 











[003 6] 
[*8] . 



[0 04 0] 

mio) 



C8) 



13 



1ftm¥-9-2 83 1 5 
14 



( ft A ) 






Li-2 






0.21 


0. 49 


Si-2 


0.72 


0.81 



[0 04 1 ] «8»W6> «*wc*h,vt:«. 
it y -5 A iSKbir **£trtM*©*fc#1!l J: *) ^£3 
tl£y^A^*>£ig14B#m&?ft<!:L<-t. O. 60 
Li,S-0. 35S iSi-O. 05P ! S s tasn4 

Kfk'J?9A (Li-2) . fittt^* (S i -2) 4 
ffllv #T©#ttry*$A^:*>fi»ttBtt«IRH4 

^l/c„ awt a iswt$--<3R. mtv>i*A> 

ifC6 0 : 3 5 : S<Dttetm&m-£Utz. McLffiit 
■;>tt. mj£s£M1$itS.&4fflWc. C©S£*4E3e* 

fccasEtre i/ . i o o o 'c-c 2 mmtssk l fc. -e© 

[004 2] C©<fc 9(ci,T»fcHl*W*©«SlWfe¥ 

^^sfl-r-sfc*. -gmwi <t nut© *>£#£© 

?io/cf^«:s£nfc^bmijijfii4^i 2«:^n-e t n^-r„ 
ctxhfrh. ^*>e»s»(,>-rn©H(*«»?«4>^:# 

h titcMit "J 9 1 $ A & £ l> «5Mb * -f 3R£ ffl l >fc fc© 

«. *^(c«t5Wty ^^a, wb-y^s^ffl^/ct 
©tetb^T*£&®{b^{B4^bT:fe>3. 

* h t- >«@#mi&1f ©8Hb#8SKJ&#£ Dtc < c>. gh 

/cmsub^ittt 4jj*-r y * o a 

[0043] 

tai i ] 



(x 1 0" 3 S/c m) 






Li-2 






0.43 


0. 38 


Si-2 


0.36 


0. 32 



10 



20 



30 



[0 044] 
[*12] 









Li-2 






0.23 


0.51 


Si-2 


0. 64 


0. 74 



[0045] immmi^ ^mmwicte^xiz. *m<t 

>jf)Ai^ ^HiS4SSiae-csjt> § it £ C £ K. 
io^^n/c^by 9^a£/b<,>. cntwt^-(f 

t4B{£fl)$?»<hL,T. 0. OILijPO.-O. 63L 
1,5-0. 3 6 S i S,tS3nS3|-+->i£W7^ 

*©«wymit*ffflii/fc. «t«:*©» 

*ffl4j$-<-2>. 'SMby ^A^UTte. JgA#*45ftfb* 
3gKl8D@;L;fcf£©Jjn§&S£4 10 0-C, 15 0'C. 2 
OO'C. 3 0 0'C, 4 0 0*C, $/c(J4 5 0 , C£bfckJ 

^itbta. HJS^iir^BSLfcfc©. *fcy>ny 

a. siHbwsfs, *s£&v isWiorv^mi-K 9mm 
i i mmojrm-c'j ^ a ^ * >&»mm»mmm^ 

[0046] £©<fc 5 (C L/Tf#fcB(**)SSH©S5WK3* 

Ltcmcmtitcmitmmm^i 3«:^. c©*smj; 
o , wtfby A*^fiS-r*Bg©M»tae* i 3 o -cw 

±. 44 5X«T£TS##6HJ«:J;&<t. 

&tt4nsU S^«14*£C»ttB{**S?fS©K'fb#flS 

jsjcc.*^ dk<i\ sn/cmm^ b^tt* ^-r y * ^ a 

[0 04 7] 
[«1 3] 



40 



(9) ^§1^9-2 83 1 5 6 

15 16 











(x 1 0 ~ 3 S/c m) 


(fi A) 


100 


0. 0024 


0.11 


150 


1. 1 


0.20 


200 


1,8 


0.21 


300 


1.8 


0.22 


400 


1. 8 - 


0:19 


450 


0.051 


0.23 



[0048] immm&} ***wc**»tb. im.it 

y V A 4 ii?. ttSSIti&SrSlc. $ H Z> C 4 &c <fc 0 3 

cne>*^trtt&©ib^£9^3n-5y^A 

4*>G*ttHWWIW4l/t. O. 0 1Li 3 PO<- 
O. 63Li,S-0. 3 6 S i S.T'^^n-S^ + ^SS 

T(C*©»fffl«r»' , «4. StHb-Wsf^L-TB. T Amh 

SS?r3 0 0'C*.5l-n*4 0 0-C-Cj)ni^L/cfe<D, 
53»«Srt*»fill/fca. «MSf§©-gB£4 7 O'C 
T\ *fcffe©— 9S£7 0 O'C* 8 0 0 'C&-2>t>B9 0 0 

•c-e-H-i-eni 5 okjh^l/c^b. tra 

ko^EK^c C*i6©»(by ?^A. SMb-WitS. 
fcj:!>-y ^AfcflHv ^0aii|^«©^-c 

[0049] C ©<fc 5 K LTtffcBttliMB©^^ 30 



Lfcfig«:SSfifcet{bfiiJfe[B*^l 4{cjn-r„ fc/cb. Bfs 
<fcWSR£JiSB#©Jjn8MI&*3 0 0*Cit/fct©K-5l,> 
tb. #7XtK©@fl^S?H*f#*c<t#T#r. *fc 
»6ftfc»RB«*e*tt*i*l/fc. COC4B, f#6 
ft/c5£<b*- W *4J«:^*©^ -/ SiWSgLti'fcc 4 (c 

<fcS*>©43?*6*l£. gfc, gU4<fc«3. ffiitir^m 
SH9tt«:*i«,»r tJFieUKOm^iittW: J: -5 fc©4#* 

&«iswa**«aB 3 nfc c 4 . 
*. S(&sart*«Ei ofc«©an*i»is*4 o o -cm 

a * >G.m\£.mtmmm&m ^nsctwofc. 

[0 05 0] 
1*14] 











(x 1 0-3 s/ cm) 


( JC* A) 


400 


1.0 


0. 20 


700 


1.8 


0. 24 


800 


1.3 


0. 30 


900 


0.96 


21.0 



[00 5 1 ] mt&M91> JjEHJSWcfc^-CB. *&<b 
y??A4#*t^f$iK£J^3#SC4K:<fc9£(!JcS 40 

nfciMb umt. -f 4 *« 4 ©sat n^© 
g^tb© ©4 7 o o •c-cjraf&-r * C 4 tc <fc 0 £>&3 n 
-fcSMfc*-f**J!!l.». cn6£^t?«ifc©ib£429J:'5£ 
l«3ftS!/*$A**>£«tel|{*WIW4 0r. 0. 
01Li,PO,-0. 63Li,S-0. 36S i 

wr«c-e©mffl*js^s. tnt*--f*4 

Ltffi,me>m.Z2 0 0 g (^^*4Km©*;uJ:b 1 : 

1. 7 5(Cj*tlS). 300g (ir-f jfs4Sfm©^Ut 50 



1:2. 6 3 «:*tlt.) . 4 00 g (-Jr ^3R4B6St© J fcJl' 
tbl : 3. -5<c*h&) . 500g (dr^3R45£H©*^ 

tbi : 4. 3 8«:»j») 4t,te«ji-tt. mrnwi 
(Dism-C'&i&Ltc. nfbu fjAiittt. siss 
iit^Wcfe®. *fcy>iry*9ABriijRi*SM# 
^□^rfflt^c cne>©^by^'?A. mtv^m. y 

[005 2] c©£ 5 Kl/T»fcH#WSJt©*SWt3* 
#tt£f¥«T£fc#>, HMWl 4l^«©-f ^>eigS© 

*. »6ftfc-f*>e»Kfc&C«C. 8 V £ -CH&lfS I 



(10) 



17 

5x l O-'S/cmCDfifLA^?^*. gfcKfbfi«EfiI*> 

o o ^©^©eco^-a*. tf^n/cSftm^M* 
< ©5S3i*sgs?¥ lt *s o . ta»ftfM>©^5 ^awjr 

H(W»»©-aW«li 1Mb L/c C i tC «fc 3 © <!: 6 

tomeni.. aJbOCi*6, ^-fJRKiSJUSSIt 

1 : 2. 2-1 : 3. 6 tSri>*miK.£Z <t. JKW 
sOeWttfcinU *TG*»t!fe**l>ttB#*»?5l©« 

< b^J5it.*54 etc < i>. BttitcmsLi v&mtifrr 
* a -c * >&m&mtmmn&n e> e 4 ***>*> 

[0053] 
[*1 5] 









(£> 


(x 1 0" 3 S/cra) 


(i^A) 


200 


0. 75 


0.65 


300 


1.8 


0. 24 


400 


1.3 


0. 30 


500 


0. 28 


0. 36 



10 



20 



8 3 1 5 6 

18 

: C O O 5 4 ] ±sB©jUSf)(Cfcl>-C». 4>tt< 4 

01Li 3 PO,-0. 63Li,S-0. 3 63 15,% 

4#^©fc©ccot,>-t©^t&BjL/c#, cnesnfe^-c 

i&B^L;tefc©4ifa*K©S&Sfc©. &Sl>tt. L i 3 B 
Oj-Li.S-SiS,, L i , S - S i S, -G e S,, 
Li I-Li.S-SiS, U£2&mva&W Ltt*-, 

*W»6*i*c4tt»,»$*"C«>&<. *^»cti6H 
ifcWTBMH Lfc 'J * $ *> fc*!Mi«JWKK:HMe 
5 tt£&©T 
[0055] 

>eaf tt t . fi b » vHEWtt* <t'©ffnfcs^b^i4 

*4. 



*30 



*»»nxiii^rwioo«tt terms 
(72)^bj^ r&ea fig 

*^tPBBrfJte*5fi:3-3-33 



JlUKfPHS?rfi7lS#fi:3-3-33 £ft«M« 

(72)^H^# ffift ttR 

JlaR»HWIfi»*«fc3-3-33 SMUtS 



